Changes resulting from toxicity to the rat testis and epididymis induced by ethylene-1, 2-dimeth anesulfonate (EDS) were histomorphometrically studied. In experiment I, ten-week old male rats received a single dose of 100mg/kg body weight EDS, and at 1, 3, 7, 14, and 28 days thereafter were sacrificed for histopathological evaluation of the testis, epididymis, prostate, and seminal vesicle. Lesions involving Leydig cells and seminiferous tubules in the testis were analyzed using a quantitative method. In the treated animals, Leydig cells disappeared within 3 days of the EDS treatment, and decreases of pachytene spermatocytes and round spermatids were subsequently observed after 7 days. In contrast, necrosis of epithelia was already observed in the epididymis at 1 day after the EDS treatment, and the severity of the lesion increased up to day 3. At day 7, although loss of Leydig cells was still evident, recovery of epithelia in the epididymis was observed. In the prostate and seminal vesicles, atrophic changes were seen without necrotic lesions. In experiment II, castrated animals were injected with EDS and sacrificed after 3 days for histophathological observation. Changes similar to those in uncastrated animals treated with EDS were recognized in the epididymis, and with more pronounced severity than those observed in castrated animals without EDS treatment. These results suggest that toxic lesions of the epididymis induced by EDS are not secondary to those in the testis, but rather are due to direct effects of the compound. (J Toxicol Pathol 9: 65-72, 1996) 
Introduction
Ethylene-1, 2-dimethanesulfonate (EDS), one of a series of alkane sulfonic esters, has been considered specifically cytotoxic to Leydig cells. Following the administration of a single dose of EDS to adult rats, it has been reported that Leydig cells are destroyed1-4, resulting in secondary effects to the seminiferous epithelia. Its presumed specificity as a toxicant has been the basis for its use to investigate the effects of testosterone on spermatogenesis and the biological role of Leydig cells5-7. Thus, the changes induced by EDS in seminiferous tubules have been generally considered to be secondary effects caused via hormone actions. However, some recent reports have suggest ed that the toxic action of EDS is not limited to only the Leydig cells but might also encompass the epididymis8, 9. Since the main functions of the epididymis include maintenance and storage of sperm, its dysfunction might result in changes in sperm parameters. Therefore, it is important to clarify whether the influence of EDS on the epididymis is direct or indirect.
Although recent studies indicated that histopath ological changes of the epididymis or in mature sperm were directly induced by EDS, there has been no time course study to provide support for the conclusion. In the present investigation, a sequential histopath ologic examination was therefore performed on rats given a single administration of EDS, and the onset of changes in the epididymis was compared with those in the testes, prostate, and seminal vesicles. Quantita tive histopathological examinations taking into account the spermatogenic cycle, which have been a recent focus of attention for the safety assessment of male fertility, were adopted for assessment of the testes to allow accurate comparison of the onset of testicular toxicity with that in the epididymis. In addition, groups of castrated animals, with and without EDS administration, were investigated to determine the degree of similarity of lesion development under these conditions.
Materials
and Methods 
Experiment

Hirtopathology of the testis
Leydig cells (Fig. 2 ) Following the single dose administration of EDS, Leydig cell degeneration and necrosis were already evident at 1 day after treatment, although the seminiferous tubules showed no changes. The affected Leydig cells demonstrated dense and acido philic cytoplasm with pyknotic nuclei. At 3 days after treatment, Leydig cells had almost disappeared ( Fig. 3 ). After 7 days, Leydig cells were completely absent, and also could not be found at day 14. However, they had recovered to become visible by 28 days with similar numbers to the control animals. Seminiferous tubules (Table 1) In the seminiferous tubules, no decreases of any stage (H-III, V, VII, X, and XII) of seminiferous epithelium were observed until 3 days after the treat ment. At 7 days, significant decreases of pachytene spermatocytes and round spermatids were seen in stage V, and the same changes were also observed for stage VII. The numbers of pachytene spermatocytes in stages X and XII also showed significantly lowered values in comparison with the control animals. At 14 days, decreases of pachytene spermatocytes and round spermatids were clearly detected for all stages (Fig. 4) , but in stages II-III, the numbers of Sertoli cells increased. In stages V and VII, the decreases of pachytene spermatocytes and round spermatids at day 14 were more evident than on day 7. At 28 days, the numbers of pachytene spermatocytes had recovered and returned to the control levels for each stage, whereas the recovery of round spermatids in stages II -III , V, and VII was not complete. No decreases of spermatogonia, preleptotene spermatocytes, leptotene spermatocytes, zygotene spermatocytes, and Sertoli cells were seen for any stages at any time point. Fig. 4 Histopathology of the epididymides, prostates, and seminal vesicles ( Table 2 ).
In the epididymis, a few epithelial element were found to be necrotic at 1 day after the EDS treatment ( Fig. 5) . At 3 days, infiltration of many inflammatory cells into the epididymal ducts was evident ( Fig. 6) , with destruction of their integrity and extraductal sperms being present in the interstitial tissue. The numbers of epididymal tubules with 
Experiment II
Histology of the epididymides, prostates, and seminal vesicles (Table 3) In the epididymis, castrated animals treated with EDS showed necrosis of epithelia and inflammatory cellular infiltration similar to those found in EDS treated animals in experiment I. In contrast, while necrosis was also seen in castrated animals without EDS treatment, the severity of the lesions was very much milder. The numbers of epididymal tubules with such lesions were significantly increased in cas The present study was thus designed to clarify the possibility that EDS may have a cytotoxic effect on the epididymis that is independent of diminished intratesticular testosterone. While the single dose administration of EDS caused massive destruction of Leydig cells evident 3 days after the treatment, damage to the epithelia of the epididymis was already visible after 1 day, with increase severity only up to day 3 and appreciable recovery evident at day 7. In contrast, degenerative changes of seminiferous tubules were only observed after 7 days with progression for a further week and then slow recovery being clearly detected using our quantitative approach. The changes of Leydig cells and the lesions of the seminiferous tubules observed in the present study were similar to those observed previously1,15. How ever, the fact that changes involving the epididymis were induced at an earlier stage than those of seminiferous tubules, with recovery already beginning when Leydig cells were still absent strongly indicates that EDS has a direct action on the epididymis which was independent from that on the testis. On the other hand, atrophic changes in the prostate and seminal vesicles were observed after 3 days, and their severity was increased until 14 days, corresponding to the disappearance of Leydig cells. In addition, only atrophy was apparent in the prostate and seminal vesicles, without any necrotic changes, suggesting induction by testosterone depletion due to the Leydig cell damage. Thus toxic injury to the epididymis was mechanistically different from the testosterone depression-related changes in the prostate and semi nal vesicles.
In uncastrated animals treated with EDS, a combined interaction of direct toxic effects of EDS and testosterone depression may have occurred. Thus the incidence of damaged epididymal tubules at day 3 was higher in EDS treated castrated animals than in the noncastrated case with a lower value for castration alone. The difference in changes between castrated animals and castrated animals treated with EDS can be considered to reflect a true toxic action of EDS. In contrast, the prostate and seminal vesicles demonstrated the same atrophy independent of EDS administration. Nevertheless, the amount of attention which has been recently paid to the evaluation of testicular toxicity suggests the necessity for a practical morphometric method.
